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® An electret transducer array and fabrication tech- 
nique are disclosed. The array comprises a foil hav- 
ing a layer of insulating material and a layer of metal 
in contact therewith. The layer of metal comprises 
one or more discrete areas of metal which define the 
active areas of one or more transducers in the array. 
Electrical leads are coupled to the discrete areas of 
metal. By means of these leads, electrical signals 
produced by each transducer in response to incident 
acoustic signals may be accessed. The areas of 
metal may be formed by selectively removing metal 
from the foil, or by selective metal deposition. The 
layer of insulating material is electrostatically 
charged. The electret transducer array further com- 
prises a porous backplate of sintered metal. The 
backplate further comprises a rough surface in con- 
tact with the layer of insulating material. The back- 
plate serves as a common electrode for transducers 
of the array. A second backplate is provided posi- 



tioned adjacent to the metal layer of the foil forming 
an air gap therewith. The second backplate provides, 
among other things, shielding from stray electromag- 
netic fields. 
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Field of the Invention 



This invention relates to electret transducer ar- 
rays. 

Background of the Invention 

Acoustic arrays comprising one or more dis- 
crete microphone transducers are useful in produc- 
ing directional response characteristics. Arrays with 
such characteristics are particularly useful in noisy 
environments, wherein sources of sound to be de- 
tected and noise to be rejected are directionally 
distinct. 

In providing desirable directional response 
characteristics, the number, shape, and location of 
microphone transducers in an array may vary sig- 
nificantly from application to application. Trans- 
ducers of irregular or non-standard shape and size 
may be expensive to fabricate. Moreover, impre- 
cise fabrication and location techniques may result 
in significant degradation of an array's response 
characteristics. 

Summary of the Invention 

The present invention provides an electret tran- 
sducer array and associated fabrication technique. 
According to an illustrative embodiment of the in- 
vention, an electret transducer array is fabricated 
by providing an electret foil which comprises a 
layer of insulating material electrostatically charged 
and a layer of metal. The foil is placed on a 
backplate of sintered metal such that the charged 
insulating layer is in contact with the surface of the 
backplate. The backplate forms a common elec- 
trode for the transducers of the array. The layer of 
metal on the foil comprises one or more discrete 
areas of metal which define the shape, size and 
location of the active areas of one or more trans- 
ducers in the array. These discrete areas of metal 
form electrodes for the individual transducers of the 
array. 

Brief Description of the Drawings 



Figure 1 presents an illustrative transducer array 
of an embodiment of the present invention; 
Figure 2 presents a preferred embodiment of a 
differential electret transducer array; 
Figure 3 presents an illustrative transducer array 
configuration comprising nested annuli; 
Figure 4 presents an illustrative transducer array 
configuration comprising nested half-annuli; and 
Figure 5 presents cross-sectional view of a fur- 
ther illustrative electret transducer array. 



Detailed Description 

An illustrative electret transducer array 10 

is presented in Figure 1. The array 10 com- 

5 prises electret foil 20 and a backplate 30. The 
electret foil 20 is flexible. It comprises two layers, a 
metal (such as aluminum) layer 21 and a synthetic 
polymer (such as PTFE TEFLON®) layer 25. The 
metal layer 21 may be, e.g., two thousand Ang- 

70 stroms thick, while the polymer layer 25 may be, 
e.g., between 2-100 microns thick. The polymer 
layer 25 is given a permanent charge (electret) to a 
predetermined value at, e.g., - 300 volts, by con- 
ventional techniques. Charge is shown in the Fig- 

75 ure as a series of "minus signs" (i.e.,"-") indicating 
a negative electrostatic charge. Positive compen- 
sating charge exhibited by backplate 30 and metal 
layer 21 of foil 20 is presented as a series of "plus 
signs" {i.e., " + "). 

20 Backplate 30 is porous, and may comprise a 

sintered metal, such as sintered aluminum. Use of 
a sintered metal provides a rough surface 31 with 
numerous air channels throughout the backplate 
30. The backplate 30 may be open to the at- 

25 mosphere or to a cavity such that its overall acous- 
tic impedance is low (e.g., approximately equal to 
that of air). Low acoustic impedance provides for a 
large electret foil displacement and thereby in- 
creased transducer sensitivity. A sintered metal 

30 backplate 30 may be preferred for the fabrication 
differential electret transducer arrays. 

The rough metal surface 31 is in direct contact 
with the charged polymer layer 25 of the electret 
foil 20. Electret foil 20 may be held in place by the 

35 electrostatic attractive force between itself and the 
backplate 30, or by suitable mechanical means, 
such as edge clamps or adhesive. The rough sur- 
face 31 and the air channels of backplate 30 pro- 
vide a compliance between the backplate 30 and 

40 the electret foil 20. 

Depending on the thickness of the sintered 
metal backplate 30, it may be desirable to couple a 
metal screen 35 to it to provide increased rigidity. 
Like the backplate 30, it may be preferred that the 

45 screen 35 (or perforated metal) provide low acous- 
tic impedance. 

Backplate 30 may comprise materials other 
than a sintered metal. For example, it may com- 
prise a porous non-metal material having a rough 

50 surface 31 which has been metalized. (The metal- 
ized surface may serve as a common electrode for 
the transducers of the array 10.) 

Referring to electret foil 20, and specifically to 
metal layer 21 , a plurality of discrete areas 22 are 

55 provided which are electrically unconnected from 
each other and the balance 23 of the metal layer. 
These areas 22 define the shape, size, and location 
of the active areas of individual electret transducers 
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in the array 10. The active area of a transducer is 
that area providing electro-acoustic transducer sen- 
sitivity. In addition, the areas 22 serve as elec- 
trodes for the individual electret transducers. 

Areas 22 nnay be formed by the selective re- 
moval of the metal layer 21 from the electret foil 20 
to achieve transducers of any desired shape, size, 
and location. In this illustrative embodiment, the 
selective removal of the metal layer 21 has yielded 
circular areas 22. Selective removal of the metal 
layer 21 from foil 20 for the purpose of forming 
areas 22 may be accomplished by etching or disr 
solving the metal using a chemical reagent, such 
as a solution sodium hydroxide (i.e., NaOH) of 
concentration suitable to dissolve the aluminum of 
layer 21 . The reagent may be applied by an absor- 
bent applicator capable of controlling the extent of 
reagent application on the metal surface 21 of the 
foil 20, such as a cotton swab or the like- 
Alternatively, area 22 may be pre-formed on 
foil 20 prior to charging and mounting on the back- 
plate 30. This may be done by selectively metaliz- 
ing the polymer layer 25 to form a foil 20. Selective 
metalization may be performed by conventional 
metal deposition techniques {e.g., masking, evap- 
oration, sputtering, etc.) to form areas 22 of any 
desired size, shape, and location. A continuous 
electrode foil having a polymer layer selectively 
charged (with either or both polarities) in defined 
locations may also be used. 

Like the individual areas 22 defining transducer 
shapes, the array 10 itself may be formed of any 
size and shape. So, for example, the present inven- 
tion may provide a single transducer of conven- 
tional shape, or a multiple transducer array curved 
to fit a three-dimensional contour. 

Electrical leads 22' are coupled to each individ- 
ual area/electrode 22. Also provided is an electrical 
lead 32, coupled to the backplate 30, which serves 
as a common lead for the transducers of the array, 
e.g., a common ground lead. (Leads 22' and 32 are 
shown as wires, but may also take the form of 
etched areas of metal.) By means of these leads, 
electrical signals produced by each transducer in 
response to incident acoustic signals may he ac- 
cessed for amplification or other processing. 

A preferred embodiment for a differential elec- 
tret transducer array 50 is presented in Figure 2. 
This embodiment is similar to that presented in 
Figure 1 and includes a second combination of a 
sintered metal plate 40 and a screen 45, located 
above the metal foil 21 forming an air-gap 46 
therewith. Use of the second plate 40 and screen 
45 provides shielding from the effects of stray 
electromagnetic fields. The second plate 40 and 
screen 45 also provide a symmetry of physical 
effects associated with incident acoustic signals on 
either side of the array 50. 



In this embodiment, the two plates 30, 40 may 
be electrically coupled to each other and to 
ground. The "sandwich" formed by the screens 35, 
45, plates, 30, 40. and electret foil 20 may be held 

5 together mechanically, e.g., by connectors (not 
shown), where appropriate (e.g., in the corners) for 
support of the array. 

Further illustrative electret transducer arrays 
60, 70 are presented in Figures 3 and 4, respec- 

10 tively. In Figure 3, active transducer areas defined 
by selective removal of metal 21 from foil 20 com- 
prise one or more (nested) annular regions 62, 63. 
To each such region an electrical lead 62', 63' is 
coupled. In Figure 4, active transducer areas de- 

75 fined by selective removal of metal 21 from foil 20 
comprise one or more (nested) portions of annult, 
72, 73; here each area is one half of an annulus. 
Electrical leads 72' and 73' are also presented in 
the Figure. 

20 In the cases of the illustrative embodiments 

discussed above, an array is formed with a layer of 
electret foil, wherein the polymer layer of the foil 
touches the rough surface of a backplate. In addi- 
tion to these embodiments, the present invention is 

25 applicable to arrays formed with alternative electret 
transducer construction techniques, such as that 
presented in Figure 5. " 

Figure 5 presents a cross-sectional view of a 
further illustrative electret transducer array 100, Foil 

30 80 comprises metal layer 81 and a thin (e.g., 2-200 
microns) mylar layer 82. Metal has been selectively 
removed from metal layer 81 to form discrete elec- 
trodes (not shown) defining the size, shape, and 
location of active areas of one or more electret 

35 transducers (electrical leads have been left out of 
the Figure for clarity). Backplate 90 comprises a 
sintered metal. Cemented to backplate 90 is a thin 
(e.g., 25 microns), porous polymer layer 91 which 
has been charged as shown. In combination, back- 

40 plate 90 and polymer layer 91 provide numerous 
air channels throughout their combined volume, 
including air channels which open onto the rough 
surface of layer 91. Porous polymer layer 91 may 
be formed by applying a thin polymer to a sintered 

45 backplate 90, and drawing channels through the 
layer 91 by application of a high vacuum to the 
opposite side of the backplate 90. Mylar layer 82 is 
in contact with the rough surface of the porous, 
charged polymer 91. In this embodiment, backplate 

50 90 may serve as a common electrode for each 
transducer of the array 100, while the discrete 
areas of metal layer 81 form opposite polarity elec- 
trodes for each transducer. 

55 Claims 

1. A transducer comprising metallic material (22) 
in contact with a layer (25) of insulating ma- 
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terial, CHARACTERISED IN THAT the metallic screen (45). 

material is in the form of a plurality of discrete 
areas (22) of the metallic material, each defin- 
ing an active area of a plurality of an array of 
transducers, 5 



2. A transducer according to claim 1, CHARAC- 
TERISED IN THAT each discrete area has a 
shape defining the shape of the transducer. 

10 

3. A transducer according to claim 2, CHARAC- 
TERISED IN THAT the shape of each discrete . 
area has a shape selected from a plurality of 
shapes which includes circular discs (22), or 
annuli (62, 63) or portions (72, 73) thereof, 75 

4. A transducer according to claim 1, 2 or 3, 
CHARACTERISED IN THAT the discrete areas 
have been formed by selective etching of a 
metallic layer, or by selective deposition of 20 
metallic areas on the insulating layer. 

5. A transducer according to any one preceding 
claim, further comprising a first backplate (30, 

or 90, 91), wherein the backplate is porous and 25 
has a rough surface adjacent to the layer of 
insulating material and comprises either metal- 
lic or metallized material (30) or an alternative 
backplate with a sintered metallic porous metal 
body (90) with a porous polymer layer (91). 30 

6. A transducer according to claim 5, CHARAC- 
TERISED IN THAT with the first backplate the 
said layer of insulating material (25) is elec- 
trostatically charged, or with the alternative 35 
backplate the said porous polymer layer (91) is 
electrostatically charged. 

7. A transducer according to claim 5 or 6, 
CHARACTERISED IN THAT respective electric 40 
leads (e.g.22') are connected to each discrete 
area and/or to the metallized or metal material 

of the first backplate. 

8. A transducer according to claim 5, 6 or 7, 45 
CHARACTERISED IN THAT the porous black- 
plates are of low acoustic impedance, and are 

with or without a screen (35). 

9. A transducer according to claim 5, 6, 7 or 8, so 
CHARACTERISED BY a second backplate (40) 
coupled to the first backplate, and adjacent to 

the said discrete areas of the metallic material. 



10. A transducer according to claim 9, CHARAC- 55 
TERISED IN THAT the second backplate is of 
porous material of low acoustic impedance, the 
second backplate being with or without a 
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